Cardiovascular and Metabolic Risk 



Age-Dependent Decline of Association 
Between Obesity and Hyperglycemia in 
Men and Women 



Ichiro Wakabayashi, phd, md 1 
Takashi Daimon, phd 2 



OBJECf IVE — The purpose of this study was to determine whether age influences the asso- 
ciation between obesity and hyperglycemia. 

RESEARCH DESIGN AND METHODS— The subjects were 57,576 Japanese male 
and female workers aged 35-70 years. The associations of adiposity indices, including 
BMI, waist circumference, and waist-to-height ratio, with risk for hyperglycemia were com- 
pared among different age groups (35-39, 40-49, 50-59, and 60-70 years) using odds ratios 
(ORs). 

RESULTS — There were significant trends for the crude ORs of obese subjects versus non- 
obese subjects for hyperglycemia to be lower as age increased in men and women. Multivar- 
iate logistic regression analysis showed these trends of age-dependent decreases in ORs for 
hyperglycemia were not altered by adjustment for confounders such as smoking, alcohol 
drinking, and habitual exercise. 

CONCLUSIONS — The results suggest that the association between obesity and hypergly- 
cemia declines with age in men and women. 



A J- or U-shaped relationship is 
known to exist between BMI and 
all-cause mortality (1,2). Excess 
mortality in obese people is mainly due 
to vascular disease (3) and has been 
shown to decline with age (4-7). Type 2 
diabetes is a major risk factor for cardio- 
vascular disease and is induced by lifestyle- 
related modifiable risk factors such as 
obesity and low physical activity. The as- 
sociation between obesity and the risk for 
coronary heart disease has been shown to 
be weaker in older men than in younger 
men (8,9). The incidence of type 2 dia- 
betes increases with age (10); however, 
the effects of age on the relationship be- 
tween obesity and glycemic status have 
not been confirmed. Therefore, the aim 
of this study was to clarify whether the 
association between obesity and hyper- 
glycemia differs by age in men and 
women. 
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RESEARCH DESIGN AND 
METHODS 

Subjects 

The subjects were Japanese workers (37,686 
men and 19,890 women), aged 35-70years, 
who had received periodic health examina- 
tions at workplaces in Yamagata Prefecture 
in Japan and were divided into four groups 
by age (35-39, 40-49, 50-59, and 60-70 
years). Histories of alcohol consumption, 
cigarette smoking, habitual exercise, and 
treatment for any illnesses were surveyed 
by questionnaires. This study was approved 
by the Yamagata University School of Med- 
icine Ethics Committee. 

Measurements 

BMI was calculated as weight in kilograms 
divided by the square of height in meters. 
The criterion for obesity evaluated by 
using each adiposity index was defined 
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as BMI >25 kg/m 2 , waist circumference 
&85 cm for men and £80 cm for women, 
and waist-to-height ratio (WHtR) >0.5. 
Fasted blood was sampled from each sub- 
ject, and hemoglobin A lc , triglycerides, 
and LDL cholesterol were determined. 
The hemoglobin A lc values were calibrated 
by using a formula proposed by the 
Japan Diabetes Society (1 1) as hemoglobin 
A lc (National Glycohemoglobin Stan- 
dardization Program) (%) = hemoglobin 
A lc (Japan Diabetes Society) (%) + 0.4%. 
Hyperglycemia including diabetes and 
prediabetes was defined as hemoglobin 
A lc >5.7% (12) and/or current history 
of drug therapy for diabetes. 

Statistical analysis 

Statistical analyses were performed using 
SPSS 16.0 J software (SPSS Inc., Chicago, 
IL). Crude odds ratios (ORs) and ORs 
after adjustment for age, smoking, alcohol 
intake, and habitual exercise were calcu- 
lated by using logistic regression. Trends 
for crude ORs across the age groups were 
tested by using the Breslow-Day test. 
P values < 0.05 were defined as significant. 

RESULTS — Prevalences of hyperglyce- 
mia, high triglycerides, and high LDL cho- 
lesterol were, respectively, 24.2, 36.0, and 
21.3% in men and 19.3, 14. 1, and 19.4% in 
women. Prevalences of high BMI, large waist 
circumference, and high WHtR were, re- 
spectively, 30.8, 44.2, and 46.5% in men 
and 20.6, 41.3, and 47.8% in women. 

In all of the age groups of men and 
women, crude and adjusted ORs for hy- 
perglycemia of subjects with a high or 
large adiposity index versus subjects 
without a high or large adiposity index 
were significantly higher compared with a 
reference level of 1.00 (Table 1). There 
were significant trends for the crude ORs 
for hyperglycemia to be lower in higher 
age groups, and the adjusted ORs also ten- 
ded to be lower as age increased. Crude 
and adjusted ORs for high triglycerides 
and high LDL cholesterol of subjects 
with a high or large adiposity index versus 
subjects without a high or large adiposity 
index also tended to decrease with age in 
men and women (Table 1). 



care . diabe tesj oumals . org 



Diabetes Care, volume 35, January 2012 



175 



Age and obesity-hyperglycemia relationship 















* 


* 




* 


* 






* 






* 








f*S 








On 




in 


rN 


























































n 
1 

rN 


ro 
ro 




rN 
in 


rN 




1 — i 

NO 


. — 1 
1 

00 




rN 
00 


. 

rN 
1 

^1- 


O 














in 










NO 


vp 






in 








-3 

bp 






ci 


rN 




ci 


rN 












































-a 












00 


oo 






rN 







rN 




rN 














On 


oq 




rn 


C) 




00 


CO 




N- 


cc 












rN 


rN 




rsi 


rN 




1— i 


. — 1 




i — i 








O 


































<y 








* 


* 




# 


* 




* 


* 




# 












f? 






















i- 
o 




t/> 








NO 


in 










o 


o 






CC 


-c 




'o 
_d 


> 

cj 

bX) 






ci 
1 

O 


ci 
1 

rN 




rN 
oo 


rN 
1 




rN 
1 


rN 
1 

rN 




1 

rN 


1 

! 










I s - 


N- 




o 


o 




N- 






CO 


CO 


a 




Q 


lj 
^ 






rN 


rN 




rN 


rN 






. — 1 




1 — 1 




s 




_J 








oo 


O 




NO 


NO 




I s -- 


N- 




1 — 1 


CC 


a 


















rN 


rN 




00 


00 




m 


m 


-= 




bp 

i-H 








CM 


ro 




rN 


rN 




1 1 










'i 














* 






* 






* 




# 


* 


[2 




















O 






m 




o 








, | 






^~ 


ro 




ci 






ON. 


O) 






in 


ibjet 












ci 


ro 




rN 


rN 




' 1 






i 


1 i 






CO 






1 

NO 


1 




1 

On 


1 




NO 


1 

rN 




! 


1 


I/! 






-3 






NO 


in 




On 


On 




NO 














bJO 






<N 


rN 




















s 






£ 




























'£ 































00 
















O 


On 










00 






CO 


CO 


> 












CM 


rN 




■ 

rN 


• 

rN 




1 1 
























* 






* 






* 




* 


* 






PS 






NO 






in 






in 








cc 


.S 










i — I 


i — I 




i — i 






O. 


o 




CO 




£n 














T 




I 


~ 




i 


i 

! 




1 
1 


1 

: 


I1S0 












o 


On 






o 




in 


o 






o 












ci 


rN 




N- 






in 






*q 




=X 






-3 

bp 






ci 


ci 




rN 


rN 




rN 


rN 




rN 


rN 


-a 
































a 






i£ 






^ 






rN 


































On 


On 






CO 




On 


O 












ci 


ci 




rN 


rN 




rN 


rN 




rN 


CO 


1 




t/} 








# 


* 




# 








* 




# 


* 




<u 






























>. 














o 




So 






In 


in 








o 




"Eh 


u 

> 
> 






oq 


oq 




rN 


rN 




On 


O) 




On 


On 


igh 




cj 

CJ 






ci 
Ci 


ci 
1 

rN 




ci 
1 

rN 


ci 




rN 

'nC' 


rN 

1 




rN 

1 

in 


rN 
1 


-Sf 






bO 






o 


p 




oq 


00 




in 


in 




CO 


co 


a 




'Eh 


ij 
^ 








ci 




rN 


rN 




rN 


rN 




rN 


rN 


-= 












_ 


On 




in 


rN 




in 






, 


CO 


'% 












ro 




o 


o 












vD 


"1 
tj 












C) 






C) 


C) 




rN 


rN 




rN 


rN 














* 






* 




* 


* 




# 


* 














in 


rN 










ci 


in 






















rN 




p 


>— ! 




in 


in 




in 


in 




















ci 


ci 




rN 


rN 




rN 


rN 








to 






1 

cc 


1 

rN 




1 

rN 


l 




1 

00' 


1 




1 

CO 


1 








-3 






rN 


CI 




NO 


NO 






. — i 




On 


On 


3 






bp 








ci 




rN 


rN 






rN 




i — i 




s. 


































s 












_ 












in 


. 




CO 


cn' 


NO 

-Si 

s 












VD 






oq 


00 




m 






rN 


rN 














ci 




rN 


rN 




rN 


rN 




rN 


rN 
















* 




# 


* 






* 




# 


* 




















in 


So 




rN 


O 




CO 


CO 


-J 










rn 


'— . 






Cl 




tt; 






On 


On 


Q 
-J 










uS 


in 
in 




ci 
1 


ci 
oo 




rN 
1 


rN 
1 

t<. 




>—h 

! 

T+- 


<— 1 

: 


hig) 












N- 


in 




oo 


h- 




o 


O 




m 


in 






-3 

bD 






n 


C) 




rN 


rN 




rN 


rN 




i — i 










s 








in 




ci 






in 






CO 


rN 


S 


















i — i 


o 




rN 


rN 




h- 




a 


















ci 


ci 




rN 


rN 




i — i 




no 












* 


* 




# 


* 




# 


* 




# 


* 


-a 




OS 










■ — i 




, — s 


nS 




So 


. — i 




in 




■c 




fi 


u 
> 






00 






rN 


rN 




CI 






On 


On 






CJ 

JSr- 






■00' 


^ 




ci 
oo 






rN 
in 


rN 

i 

00 




! 


1 

CC 


f 




DO 


CJ 

bJO 
s-i 
<3 












NO 


NO 




o 


o 




in 


tn 






CJ 






ci 


ci 




rN 


rN 




rN 


rN 








ligh 




cx 












NO 


in 











m 














o 


On 




On 


QN 




rN 


rN 






















C) 




rN 


rN 




rsi 


rN 




>— 1 
















* 
rN 


* 




* 

NO 


* 
ro 




* 
o 


* 




* 
rN 


* 

o 














ro 


On 




N- 






I s -- 






O 


o 








s 












C) 


C) 




rN 


rN 




rN 


rN 


e? 


S 




pa 






1 

ro 






1 

o 


1 






1 

. — i 




1 

O 


1 

On 














N- 








q 




CI 


cn 




<o 


tn 




£ 














ci 






-3 












o 






























N, J 


















































,_ i 






Cl 




in 










•a, 


s 
















ci 


ci 




rN 


rN 




r-1 




I/! 


































K 


a 














}-( 












i-i 






O 

1 


£ 








Cj 


— 


(U 

3 


>- 


— 


<L) 
I 


>s 


<NJ 
— 


<D 

to 

P 




— 


<u 

P 


rH 


,g 








On 

ci 




On 


2 

u 


On 

in 


u 


O 


p 


U 








1 


u 








1 


U 




1 


U 




8 




.s 


s 


m 






O 




o 






o 










'h 


ci 












in 












H 


.s 




> 





























* 
m 


* 

NO 




* 
i — I 


02)* 




* 

In 


# 

So 




87)* 


00)* 


NO 


NO 




CI 


CO 




rN 


rN 




1* 


rN 


1 

rN 
I s -- 


1 

rN 
I s -- 




1 

1 — 1 


1 

ro 




1 

h- 

Oi 


1 

On 
On 




i-- 
i — i 


rN 


ci 


rn 




ci 
















On 


NO 
ON 




in 






o 

rN 


rN 
rN 




oo 


I s - 
in 








rN 


rN 




rsi 


rsi 




i — i 




* 


# 




* 


# 




* 


# 




* 


# 


ON 


en 
o 






o 




rN 


So 

rN 




On" 
I s - 


ON 
00 


in 


NO 




Cl 


CO 




rN 


rN 






7 


1 

o 


1 

rN 




1 

rN 


1 

NO 
Cl 




1 

rN 

■00 


1 

in 
oo 




oo 
i — i 


Cl 

rN 


Cl 


Cl 




rN 






i — i 


i — i 










m 




NO 
I s - 


o. 

NO 




rN 
O 


in 
o 




m 


rN 
in 








rsi 


rN 




rN 


rN 




1 1 


1 1 


* 






* 






* 










ON 

rN 


rN 




in 
I s - 


-? 

NO 




On 


o 




So 
in 


-? 

NO 




I s - 




ci 


Cl 




i — I 


rN 




l 1 




1 

1 — 1 
1 — 1 


1 

in 
o 




1 

^~ 

oq 


1 

in 
I s - 




1 

in 


1 

On 
in 




On 
On 


rN 
O 


\h 


•j 




ci 
















I-- 
"t; 


rN 




i — 
rN 


NO 
•~i 




rN 
I s - 


On 
I s - 




m 
rN 


On 
rN 


in 


in 




ci 


Cl 




i — i 






1 1 




* 


* 




* 






* 






* 




■00 

o 


ON 
O 




On 


in 

ci 




m 
\h 






oq 


I s - 
oq 


1 


1 




^t- 
1 


1 




ci 
1 


ci 
1 




rN 
1 


rN 
1 


1-^ 


oo 

I s -; 




oo 
rN 


NO 
'"" 1 




<t- 

NO 


o 

NO 




^t- 

NO 


ci 

NO 


ci 


ci 




ci 






rN 


rN 








J — 
i — 1 


f — 




^~ 

oq 


,_, 

I s - 




rN 
p 


oo 

On 




NO 
i — 1 


NO 


in 


in 




ci 


C) 




ci 


rN 




rN 


rN 








* 






* 






* 




m 


in 






vE? 

NO 




On 


S\ 

oq 




oq 


oq 


NO 


NO 










rsi 


rN 




rN 


rN 


in 


1 

rN 
in 




1 

o 
in 


1 

^" 




1 

i — i 

Cl 


1 

NO 

rN 




1 

oo 
I s - 


1 

NO 
I s - 


ci 


rn 






rn 




CJ 


rN 




i — i 




rN 

■00 


oq 




On 
O 


o. 
o. 




NO 


NO 

in 




NO 

rN 


m 
rN 










Cl 




rN 


rN 




rN 


rN 


00)* 


# 




* 

p 


* 

in 
oq 




* 

ON 
'00 


Cl 

oq 




* 
^r; 


fn 

Th 


■00 


oo 
1 




in 
1 


^ 
1 




rsi 
1 


rN 
1 




rN 
1 


rN 
1 


o 


Cl 




o 
t-^ 


in 
in 




in 
rN 


o 

rN 




^t- 
in 


o. 




•j 




ci 






ci 


rN 






— ' 


r- 
oq 


C) 
On 




rN 

Cl 


in 




m 
in 


o 
in 




NO 

On 


On 


in 


in 










rN 


rN 




,— H 




* 
i — i 
I s - 


NO 




* 

rN 
O 


* 
So 

00 




in 
m 


* 
In 




* 

NO 

oq 


# 

rN 
00' 


NO 


NO 




^r- 


C~) 




rN 


rN 








1 

rN 
xt- 


1 

ON 
C) 




1 

o 
o 


1 

o. 
oq 




1 

in 
p 


1 

I s - 
On 




i — i 
rN 


I s - 


ci 


ci 




ci 


rN 




rN 


i — i 








On 

r- 


NO 

I s - 




j — 


in 

oq 




o. 
rN 


On 
i — i 




O 
in 


NO 

T^ 








ci 


C~) 




rN 


rsi 




i — i 




* 


# 




* 


* 




* 


# 




* 


* 


i — i 

m 


in 




in 
On 


On 
00 




xt- 


, — s 

1 — 1 




p 


rN 
o 


NO 

1 


NO 
1 




ci 

1 


C~) 
1 




rN 
1 


rN 
1 




rN 
1 


rN 
1 


Cl 


C1 




NO 

On 


rN 
o. 




i — . 
o 


NO 

On 




oo 

Cl 


NO 

CM 


ci 


ci 




ci 






ci 










NO 
NO 


oo 

NO 




rN 


I s - 

C1 




Cl 
rN 


oo 




oo 

NO 


in 

NO 








ci 


ci 




rN 


rN 




1 — 1 




* 

rN 


•? 




* 

So 

NO 


In 

NO 




* 
00 


* 
oq 




* 

CJn" 

NO 


f? 
NO 


00 


oo 










rsi 


rsi 




rN 


rN 


1 

rN 


l 

I s - 




1 

On 


1 

NO 




1 

On 
rN 


1 

oo 
rN 




1 

1-^ 


1 

00' 
NO 




•j 






ci_ 




ci 


ci 




1 — 1 




On 


o 
oq 




o 


o 




NO 

in 


NO 

in 




NO 

1 — 1 


o 


in 


in 










rN 


rsi 




rN 


rN 


Crude 


T3 

tD 
VI 

3 

< 


(Si 

O 
1 

C 


3 

U 


— 

1/1 
3 

< 


c/1 

>- 

On 

in 

1 

o 
in 


3 
Ut 

U 


TJ 

ID 
[/I 

3 

% 


Wl 

>- 
C 
I s - 

1 

c 

NO 


aj 
3 
U 


~o 

CD 
yi 
3 



13 , o 

3 ^ 

. o 
3°S 

£ o 



<U CD 
DO CJ 



o O 

o 3 

| 3 

</N S- 

"O VN 



■ J3 



N-» (J 



a 3 

a .2 



w nS 



j3 



c 

>-,« 

3 



ex E3 3 

-3 0 



nO bo > 

in yi r> 

n 
S 

g .2 ^ 

1 2 3 

« to a 

<L> 3 2 
3 ^ M 

2 



176 



Diabetes Care, volume 35, January 2012 



care.diabetesjournals.org 



Wakabayashi and Daimon 



CONCLUSIONS— The association 
between obesity and hyperglycemia de- 
clined with age in men and women, al- 
though the association remained significant 
even in the highest age group. This age- 
dependent trend was consistent in any 
analyses using different adiposity-related 
indices. This study is, to the best of our 
knowledge, the first study showing an age- 
dependent significant attenuation of the 
association between obesity and glycemic 
status both in men and women. In addi- 
tion, significant age-dependent declines 
were also found in the associations of obe- 
sity with dyslipidemias such as high tri- 
glycerides and high LDL cholesterol. 
Therefore, the associations between obesity 
and metabolic disorders, such as diabetes 
and dyslipidemia, are thought to decline 
with age. 

There is limited information on 
whether and how age influences the re- 
lationship between obesity and diabetes. 
Two recent studies have reported results 
related to this topic. Effects of obesity 
evaluated by BMI on incidence of type 2 
diabetes have been reported to decline 
with age in women but not in men, and 
the authors speculated that the sex differ- 
ence observed was due to the smaller 
population size of male subjects than that 
of female subjects (13). Another study 
showed that the correlation coefficient 
between waist circumference and fasting 
blood glucose tended to be higher in 
younger (^51 years) than in older (>51 
years) men and women, although the dif- 
ferences in the correlation between the 
younger and older subjects were not sig- 
nificant (14). The current study clearly 
demonstrated significant age-dependent 
declines of the associations of obesity 
with hyperglycemia and dyslipidemia in 
men and women. 

Taken together with these findings, 
our results suggest that the effect of 
obesity on development of diabetes is 
stronger in younger people than in older 
people. This also suggests that correction 
of obesity is more effective for prevention 



of diabetes in younger people than in 
older people and agrees with a consensus 
that young people should be encouraged 
to attain and maintain a weight-for-height 
ratio in the normal range to prevent type 2 
diabetes (15). The age-dependent de- 
clines in the associations of obesity with 
hyperglycemia and dyslipidemia may 
partly explain the weaker association be- 
tween obesity and the risk for coronary 
heart disease in older men than in youn- 
ger men (8,9). 

In conclusion, the association be- 
tween obesity and hyperglycemia is stron- 
ger in younger men and women than in 
older men and women, respectively, and 
this finding supports a general concept of 
the necessity of body weight control in 
young people from the viewpoint of pre- 
vention of type 2 diabetes. 
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